Procedures are described for preparation of a chemically defined medium, capable of being autoclaved, for the cultivation of animal cells in suspension. Yields of 34.1 X 105, 33.8 x 105, and 47.1 x 105 cells per ml were recorded for cat kidney, HeLa, and mouse fibroblast (L) cells after 6, 10, and 10 days of incubation, respectively.
The advantages of a chemically defined medium in tissue culture have been recognized for several years. A chemically defined medium which is also heat-stable has additional advantages: processing in a single vessel requires less handling, and thereby reduces the chance of contamination, availability of autoclaves in most laboratories eliminates the necessity for filtration equipment, and industrial sterilizing equipment may be employed for large quantities.
A filter-sterilized, chemically defined medium, which supported growth of several cell lines in suspension was developed (3), and later simplified by omission of insulin (S. C. Nagle, Jr., Bacteriol. Proc., 134, 1963 Media. All ingredients (to make a total volume of 1,000 ml) of the chemically defined medium (Table 1) , except methylcellulose, glutamine, and sodium bicarbonate, were dissolved in 937.5 ml of distilled water, placed in 8-oz or 16-oz prescription bottles (187.5 ml or 375 ml), and autoclaved with loose caps at 121 C for 15 min. Methylcellulose was prepared, as a 2% solution, by autoclaving at 121 C for 15 min in 8-oz prescription bottles. The 5% sodium bicarbonate solutions were autoclaved in nearly filled, tightly stoppered serum bottles of varying sizes. Glutamine was autoclaved as a dry powder (180 mg, sufficient for 400 ml of complete medium) in a stoppered 15-ml serum bottle for 1 hr at 121 C. Each of these components was stored at 5 C. Serum bottles were fitted with rubber serum-bottle stoppers and sealed with metal closures. Antibiotics (dissolved in sterile distilled water as 200-fold solutions and stored at -25 C) were added to most of the experimental media at concentrations of 100 tg/ml of streptomycin and 100 units/ ml of penicillin. In experiments testing the addition of filter-sterilized medium components, a 0.22-,u membrane filter was used. Medium components were combined as follows: 20 ml of 2% methylcellulose, 2 ml of 200-fold antibiotics (when used), and 3 ml of 5% sodium bicarbonate for partial neutralization were added to 375 ml of incomplete medium. The autoclaved glutamine powder also was added aseptically at this time, either by removing the metal closure and rubber stopper and depositing the 180 mg of dry powder into the medium, or by using a syringe containing 5 to 10 ml of medium to dissolve the glutamine and then adding this solution to the remaining medium. The completed medium was stored at 5 C. An additional 0.5 to 1.0 ml of bicarbonate solution was added to each 25 ml of medium contained in the growth bottles at time of inoculation with cells. This step assured an initial pH of approximately 7.2 to 7.4.
Cell lines. Mouse fibroblast (L) cells, HeLa cells,
and cat kidney (CK) cells that had been growing in suspension continuously, for more than 3 years, in the filter-sterilized, chemically defined medium were employed in these studies. No pleuropneumonia-like organisms (PPLO) were detectable in these cell cultures upon testing on standard PPLO medium.
Incubation and cell enumeration. Growth of suspension cultures was initiated from cell populations of 105 to 3 X 105 /ml. Cultures were incubated at 34 to 36 C in rubber-stoppered 100-ml serum bottles, containing 25 ml of medium, on a New Brunswick Gyrotory shaker (New Brunswick Scientific Co that growth occurred if glutamine was sterilized by filtration or by autoclaving the dry powder.
Growth curves for CK, HeLa, and L cells were determined in the autoclaved medium containing dry-sterilized glutamine (Fig. 1) . Yields of 34.1 x 105, 33.8 x 105, and 47.1 x 105 cells per ml were recorded for CK, HeLa, and L cells after 6, 10, and 10 days of incubation, respectively. These cell lines were cultured continuously, for almost 1 year, in the autoclaved defined medium prior to growth curve measurements. DIscussIoN
Studies of the development of heat-stable, defined media were undertaken following success with the peptone medium capable of being autoclaved. Preliminary results with L cells indicated that the lability of glutamine was responsible for loss of growth-promoting activity in the defined medium during autoclaving. Subsequent experiments showed that glutamine solutions autoclaved separately were also unsatisfactory, but that exclusion of moisture, and autoclaving for as long as 8 hr, gave a sterile, intact product. A routine autoclaving time of 1 hr was adopted to insure sterility of the dry product without requiring excessive time. Glutamine decomposed when subjected to dry heat (170 C) for 1 hr. The medium appears to be sufficiently heatstable, when prepared as described, to allow continued growth of the three cell lines tested. No diminution of growth has been noted in the past year. Cells that were maintained in the filtersterilized medium required no period of adaptation, in the autoclaved medium, for excellent growth to occur. The medium may prove to be most useful in cell and virus research, particularly in view of the recent discovery of toxic substances in certain membrane filters (1) that are used for filter sterilization of tissue culture media.
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